Introduction
In 2025, 20 to 25% of the population will be over 60 years of age in Brazil, and an overload in the public health system is expected. Chronic-degenerative diseases are an issue of concern, and Diabetes Mellitus (DM) is a common disease in this population. 1, 2 Aging and diabetes cause functional and structural alterations in the lower urinary tract. Elderly diabetic patients, though, seem to present a different pattern of urinary dysfunction, which is more than a sum of aging and diabetes.
In aging, experimental studies demonstrated structural alterations such as reduction of the neuronal density, smooth muscle hypertrophy, increase of collagen between the muscle cells and change in the relative amount of collagen type I and III. 3 Other authors also described alterations in the urethra, like urotelium and submucosal thinning, reduction of proteoglicans and extracellular matrix, and smooth muscle atrophy. [4] [5] [6] [7] Elbadawl et al correlated the morphologic alterations of detrusor smooth muscle to functional changes, such as detrusor hyperactivity, infravesical obstruction and in the impaired detrusor contractility. 3 Chun et al observed rats up to 24 weeks of age. They noticed functional changes, as a gradual increase of the water intake, diuresis, miccional frequency and urinary volume. All the studies evaluated the animals during short periods of time and the latter, which had the longest followup period, did not perform structural evaluations. Morphologic changes due to aging remain an undefined issue.
As it happens in aging, lower tract dysfunctions are also very frequent in diabetes mellitus (DM). The term diabetic cystopathy was used for the first time in 1976, by Frimodt-Moller. It was defined as a decrease of the vesical sensitivity associated to an increase of the capacity and reduction of contractile response of the detrusor smooth muscle. 8 Other authors later described the overactive bladder as the most common lower urinary tract dysfunction in diabetic patients. [9] [10] [11] [12] It is also believed that the vesical dysfunction of the diabetic patients correlates with the underlying autonomic neuropathy more than with morphological alterations. Besides all the existent research, a question motivated this study: Is there an overlap between DM and aging effects on the physiopathology of the vesical dysfunction and morphological alterations of the bladder?
In the present study we associated cystometric studies with surgical denervation of the bladder to evaluate the importance of the structural alterations in vesical disfunction on aging and Alloxan-induced diabetic rats.
Methods
Male Wistar rats were divided into three groups: A -6 animals, with eight weeks of age; B -5 animals, with 44 weeks of age; C -10 Alloxan-induced diabetic animals, with 44 weeks of age. Diabetes was induced by intra-peritoneal Alloxan (40 mg/kg), in the eighth week of age and DM was confirmed through blood glucose testing one week later. The animals of groups B and C were kept under the same environmental conditions, without restriction of food or water. Animals were sedated with Uretan (1,25 mg/kg) before experimental manipulation. Animals were weighted and submitted to blood sampling for dosage of glycemia. They were then submitted to two surgical procedures: (1) cystostomy -a P50 catheter was introduced in the bladder, fixed with Prolene 5:0 and exteriorized through an opening in the abdominal wall; then urine samples were collected for culture. (2) surgical vesical denervation (SVD) -surgical dissection until the level of the ureteral vesical necks, with visualization of the proximal urethra. The cystotomy catheter was connected in "y" to an infusion pump and to a pressure transducer. Saline was injected at 0,3 ml/min. The variations of vesical pressure were registered in a milimetric paper by a polygraph with 0,05 mm/s of speed. The following parameters were registered: maximum cystometric capacity (MCC), maximum bladder pressure (MBP), bladder contraction frequency (BCF), duration of bladder contraction (DC), threshold pressure (TP) used to calculate bladder compliance. After SVD, maximum cystometric capacity (MCC), bladder compliance and maximum urethral closing pressure (MUCP) were also measured. The cystometric registers are illustrated in Figures 1 and 2 .
After functional studies, animals were sacrificed. The bladder and urethra were removed and fixed at optimal length in neutral buffer formalin (10%) for 24 hours. Formalinfixed, paraffin-embedded tissues were sectioned at 5 µm and stained with hematoxylin and eosin (HE), ANOVA was used for statistical analysis in the repeated measures. When there was significant difference (p < 0,05) the post hoc test of Bonferroni was used.
Results
The diabetic animals (group C) presented less weight and greater values of glycemia when compared with the aging animals (group B) ( Table 1 ). All the urinary microbiologic cultures were negative.
Morphological evaluations
There were no differences between animal groups at total thickness and thickness of muscle layer evaluations. Total fibrosis area was larger in groups B and C (p < 0,007); fibrosis area/total area ratio were 28, 43 and 36% for groups A, B and C, respectively, without significant difference. The collagen area/fibrosis area ratio of 1,49; 0,69 and 1,28 respectively were found in groups A, B and C. All mean values and standard errors of these morphological variables are shown in Table 1 .
Functional evaluation
• Maximum cystometric capacity: the diabetic animals had a larger bladder capacity than the other groups, before and after SVD. When bladder capacity was evaluated individually, before and after the DVC, there was significant difference only in the diabetic group. • Bladder compliance: there was no difference between groups before SVD. After the SVD all groups were different (p < 0,001).
• Maximal micturition pressure: group B presented the largest amplitude of contraction. Groups A and C did not shown significant difference.
• Maximal urethral closing presure: there was no difference between groups.
• Duration of bladder contration: no difference between groups.
• Frequecy: group A had high micturition frequency than others groups.
All mean values and standard error of these functional variables are enumerated in Table 2 .
Discussion
In the present study, we observed higher levels of serum glucose and important weight loss in diabetic animals. It confirms the success of the experimental model with Alloxan-induced diabetes. [13] [14] [15] [16] [17] [18] Morphological alterations of the detrusor smooth muscle were described previously in induced diabetes and aging experimental models. However, previous mentioning of delayed alterations of the detrusor smooth muscle does not exist in the literature. [15] [16] [17] [18] [19] [20] [21] [22] We did not observe differences in total thickness and muscle layer thickness in bladders, but we noticed a higher fibrosis area in the diabetic and in the aging animals, suggesting that there is relative atrophy of bladder muscle layer.
Literature describes an increase in the absolute amount and a reduction of the relative concentration of collagen, mainly of collagens type I and III, in bladders of the diabetic and the aging animals, in short periods of observation. [15] [16] [17] [18] [19] [20] [21] [22] [23] The findings of our study suggest that the relative amount of collagen and the ratio of collagen I and III are different in the diabetic and the aging animals after long term observation. [15] [16] [17] [18] [19] [20] [21] [22] [23] That is supported by the functional alterations observed in this study. It is known that collagen III is related to low compliance in aging bladders. And it is also known that in aging animals and in humans there is a change in the ratio between collagens type I and III, with an increase in the amount of collagen type III. 23 We noticed high bladder compliance values in diabetic animals, mainly after denervation. The finding suggests that there might be a protective factor in diabetic animals, perhaps a different ratio of collagen I and III than in the aging animals.
Bladder capacity measures were elevated in the diabetic rats as had been reported in shorter periods of observation. 18, 19 In aging animals, however, we did not notice alterations in bladder capacity and compliance before and after denervation. It suggests that the amount of fibrosis and the ratio between collagens type I and III are important factors to determine this functional pattern instead of possible neurological alterations.
The high frequency of bladder contraction in the young animals could be related with a high susceptibility of these animals to bladder irritation secondary to the cystostomy catheter.
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Conclusion
We did not notice smooth muscle hypertrophy in Alloxan-induced diabetic rats after 44 weeks. There was alteration in the total and relative amount of fibrosis and collagen. The cystometric studies support the idea that this morphological alterations are important to determine the different bladder functional patterns found in the aging and the Alloxan-induced diabetic animals.
